ed more frequently positive for anti-HEV (p = 0.047) than individuals from other regions. Increasing age but not CD4 count correlated with a higher likelihood of anti-HEV positivity (R = 0.313, p < 0.001). Conclusions: About one quarter of HIV-infected patients show evidence of previous HEV contact. The risk of developing chronic HEV infection is very low in individuals receiving appropriate antiretroviral therapy. The large variability in HEV seroprevalence rates determined by different assays requires consideration for the diagnostic workup of HIV patients.
and Russia [5] performed in the 1990s suggested that HIV-infected patients may have an increased anti-HEV seroprevalence rate in comparison to healthy controls, indicating a higher exposure of HIV-infected patients to HEV. In contrast, a recent study from England showed no difference in anti-EV seroprevalence rate in 138 HIVinfected patients in comparison to 464 healthy controls [6] .
However, more advanced stages of HIV infection have been associated with a strongly increased frequency of anti-HEV [5] . However, specific risk factors for contact with HEV within the population of HIV-infected patients are largely unknown. While consumption of pork meat and blood products have been demonstrated to be possible sources of HEV transmission in Europe [7] , sexual behavior or drug abuse have been discussed but are not accepted risk factors [4, 5] .
Various assays to detect anti-HEV have been described in recent years. Striking differences in sensitivities and specificities between the assays have become evident [8] . Recently, a study comparing anti-HEV seroprevalence rates in liver and kidney transplant recipients demonstrated a huge gap between two commercially available assays: the Adaltis assay determined a seroprevalence rate of 11% in this cohort, while the Wantai assay tested positive in 31% of patients [9] . This study suggested that the Wantai assay is more sensitive to detect anti-HEV IgG antibodies, even though the small size (n = 64) represented a relevant limitation of this study. Furthermore, a comparative study on 88 immunosuppressed individuals indicated that the Wantai assay had a sensitivity superior to the MP assay [10] .
Different anti-HEV assays have not yet been studied specifically in the context of HIV infection. In particular, nothing is known about the performance of the Wantai assay in HIV-infected patients.
The aims of this study were therefore (1) to identify the anti-HEV seroprevalence rate in HIV-infected patients in Germany by comparison of the Wantai assay with the MP assay, (2) to identify risk factors for HEV contact by analyzing patient characteristics and (3) to determine if HEV causes chronic hepatitis E under controlled HIV infection.
Patients and Methods
In a retrospective study, 246 blood samples from HIV-infected patients were tested for anti-HEV IgG antibodies and HEV RNA. All patients were recruited at the University Hospital of Bonn between June 2009 and December 2009, and samples were stored at -20° until testing in November 2012. Importantly, all samples were tested both for HEV IgG and RNA irrespective of the HEV serostatus. This study was approved by the local Ethics Committee of Hannover Medical School and the University Hospital of Bonn. Patients gave informed consent for collection and testing of their blood.
Anti-HEV and HEV RNA Testing
Anti-HEV IgG antibodies were tested both with the MP Diagnostic Assay (MP Biomedicals, formerly Genelabs Diagnostics, Singapore) and with the Wantai Diagnostic Assay (Beijing, China) according to the manufacturer's instructions.
The MP assay detects antibodies against a mixture of recombinant peptides specified by ORF2 and ORF3. This assay was developed based on two different strains of HEV: one genotype 1 strain from Burma and a genotype 2 strain from Mexico. The Wantai assay was developed based on a recombinant peptide corresponding to amino acid residues 396-606 of the major structural protein specified by ORF2 of genotype 4 from China [11] .
HEV RNA testing was performed using nested PCR. The following primer sequences were used, as described previously [12] : 1 PCR HE 361F GCR GTG GTT TCT GGG GTG AC HE 364R CTG GGM YTG GTC DCG CCA AG 2 PCR HE 366F GYT GAT TCT CAG CCC TTC GC HE 363R GMY TGG TCD CGC CAA GHG GA1
Statistics
Data for different patient groups are presented as means, ranges and standard deviations. A comparison of continuous and categorical data between groups was performed using the χ 2 test. Comparison of quantitative data between groups was performed using the Mann-Whitney test. Correlation was calculated using the Pearson method. A p value <0.05 was considered significant.
Results
Most of patients received antiretroviral therapy according to European guidelines at the time of the respective blood drawing, while 31 patients (13%) were not treated. HIV viral loads were below the limit of detection in 76% of the patients (n = 186) and CD4 T cell counts were below 200 μl in 7.7% of the patients (n = 19). Patient characteristics are shown in detail in table 1 .
Anti-HEV antibodies tested positive in 4 (1.6%) and 63 (26%) patients with the MP assay and the Wantai assay, respectively ( fig. 1 ; p < 0.001). In 4 additional patients the Wantai test result gave a borderline signal-to-cutoff ratio (1.6%). Two of the 4 patients who tested positive with the MP assay also tested positive with the Wantai assay, while 2 tested negative.
Wantai anti-HEV-positive patients did not differ significantly from negative patients regarding clinical characteristics such as CD4 count, ALT and AST levels, or coinfections with other hepatitis viruses. However, there were differences between the factors 'age' and 'country of origin' between positive and negative individuals ( table 1 ). Increasing age correlated significantly with a higher likelihood of anti-HEV positivity in the Wantai assay (R = 0.313, p < 0.001). ( table 1 ). All 246 samples tested HEV RNA negative, excluding cases of chronic hepatitis E in this cohort.
Discussion
We demonstrated a remarkable discrepancy of seroprevalence rates of anti-HEV antibodies in HIV-infected patients determined by two commercially available assays. In comparison to previously described seroprevalence rates in the healthy population in Germany determined by the same assays, HIV-infected patients do not have an increased seroprevalence [8] . While the MP assay showed very low frequencies of anti-HEV, more than one quarter of the patients tested anti-HEV positive with the Wantai assay, which is frequently used by various groups in different countries and has been shown to have a high sensitivity in immunosuppressed and immunocompromised individuals, such as transplant recipients [8, 9] . It is unlikely that the difference in these seroprevalence rates is caused by false-positive results using the Wantai assay, as a high specificity of this assay has been described [13] . However, a low specificity of this assay could not been ruled out completely and is one possible explanation for the large discrepancy in determined seroprevalence rates, but a superior 286 sensitivity of the Wantai assay is the most likely explanation. The observation that 2 of the 4 patients who tested positive with the MP assay tested negative with the Wantai assay indicates that the MP assay might have tested these patients false positive, thus demonstrating a lower specificity of this assay. The alternative explanation that the Wantai assay was false negative in these 2 patients is unlikely due to the high sensitivity of this assay [8] [9] [10] .
Overall, the findings presented here for HIV-infected patients are well in line with previously published studies examining anti-HEV seroprevalence rates determined by two independent assays in transplant recipients and immunocompetent individuals [9, 10] .
Determination of previous HEV exposure in special patient groups is essential to identify risk groups, risk factors and sources of infection. This is particularly important among HIV-infected patients in whom HEV infection may progress to chronic infection associated with development of advanced liver disease. Fortunately, none of the patients in the present cohort was chronically infected with HEV. Thus, this study and previous investigations confirmed that chronic HEV infection in HIV-infected patients is rather rare. However, chronic hepatitis E might be more frequent in untreated HIVinfected patients, in particular those with a strongly decreased immune system [14] .
Recently, a study comparing the MP assay and the Wantai assay in 200 healthy people in Germany determined seroprevalence rates of 4.5 and 29.5%, respectively [8] ; therefore, the anti-HEV seroprevalence rate in HIVinfected patients in Germany does not seem to be increased in comparison to healthy controls. This finding is in line with a previous study on the relevance of HEV in HIV-infected patients in Germany which was also not able to find an increased anti-HEV seroprevalence rate in HIV-infected patients using the an anti-HEV assay, based on the same antigens as the present MP assay [15] .
A second potentially important aspect of the present study is the finding that most of those patients testing positive for anti-HEV are from Europe. Migrants from tropical countries do not show a higher anti-HEV seroprevalence rate in this study, which highlights the importance of autochthonous HEV infections in Europe in contrast to imported infection. This finding is in line with a previous case control study indicating that most acute HEV infections in Germany have been acquired autochthonously [16] . However, the exact time point of seroconversion, indicating contact to HEV, could not be described in this study, and thus it is possible that the migrants acquired their HEV infection in Germany. As data on the time point are lacking, we do not want to overestimate this difference.
While HEV genotypes 1 and 2 are limited to developing tropical countries, genotypes 3 and 4 are present in industrialized nations. Even though there are more observed HEV infections in developing countries, our study does not demonstrate a higher HEV seroprevalence marking a higher HEV exposition in migrants from tropical regions in contrast to patients from Germany. These data support the hypothesis that most genotype 3 infections occur clinically silently [17] .
In conclusion, about one quarter of HIV-infected patients in Germany have evidence of previous contact to HEV. Still, the risk of developing chronic hepatitis E is very low in individuals receiving appropriate antiretroviral therapy. The large variability in HEV seroprevalence rates determined by different assays requires consideration for the diagnostic workup of HIV patients.
